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SUMMARY 



Teats were made in the LMAL 7— "by 10-foot tunnel to 
determine the effect of a horizontal tail on the lateral— 
stability characteristics of a high— wing, a midwing, and 
a low— wing monoplane. The model combinations consisted 
of a circular fuselage, an BACA 23012 tapered wing, and 
an BACA 0009 horizontal tail surface. Bach wing— fuselage 
combination was tested with a partial— span split flap 
neutral and deflected 60 and with and without a single 
vertical tail. Tests were also made of the fuselage with 
and without the tall surfaces. 

The effect of the horizontal tail is ehown in the 
presentation of the results in the form of increments of 
the rate of change in the coefficients of rolling moment, 
yawing moment, and lateral force with yaw caused by wing- 
fuselage interference. The coefficients at high angles 
of yaw for all model configurations are presented. The 
data are compared with data from Bimilar model combina- 
tions without the horizontal tail. 

The addition of the horizontal tail was found to 
reduco tho variation of the wing— fuselage interference and 
the change in the offoct of wing— f usolago Interference on 
the vortical tail with vortical position of the wing on 
tho fuselage. The presence of the horizontal tail increased 
the effective aspect ratio of the vertical tail by 20 to 60 
percent, depending on the angle of attack. Por angles of 
yaw larger than about 15° the horizontal tail slightly re- 
duced the effectiveness of the vertical tail. 
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' ItfTBODUOTIOS 



Con aider able data are available for the evaluation 
of the effeot of aerodynamic interference between wing, 
fuselage, and vertical tail on lat eral— stability charac- 
teristics (references 1, 2, and 3). These data indicate 
that the vertical-tall effectiveness is greater with the 
wing in a low position on the fuselage than with the wing 
in a high position. Air— flow Burveys in the region of 
the vertical tail showed that the change in tail effective- 
ness with wing position resulted from a side flow the 
magnitude and direction of which were functions of wing 
position (reference 4). Because the data of references 1 
to 4 were obtained for models without a horizontal tail, 
the question arises as to whether a horizontal tail will 
modify these results. The horizontal tall has been known 
to increase the effectiveness of the vertical tail by act- 
ing. as an . end plate. A theoretical analysis of this end- 
plate effect was made in reference 5.. 

Tho present report continues the investigation of 
latoral— stability characteristics by adding a fourth part, 
the horizontal tail, to the previous model consisting of 
a wing, fuselage, and vertloal tall. The purpose of the 
present report' is to determine to what extent the hori- 
zontal tail influences the effect of wing— fuselage inter- 
ference on the vertical tail and to determine experimen- 
tally tho end-plate effeot of the horizontal tail on the 
vertical tail. 



MODHL AND APPARATUS 

The tests were made in the LMAL 7— by 10— foot tunnel 
with the regular p ix— oomponent balance. The tunnel and the 
balance are described in references 6 and 7. 

Tho model (fig. l) was identical with the circular 
fuselage and symmetrically tapered wing model of refer- 
ence 1 except for the addition of the horizontal tail sur- 
face. Tor the midwing combination the chord line of the 
wing vas placed on the center line of the fuselage. 7or 
the high— and the low— wing combinations the surface of the 
wing was made tangent to the surface of the fuselage. The 
wing was set at 0° incidence with respect to the fuselage 
center line for all cases. 
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She 3 ll symmetrically tapered. ving used In the tests 

was previously used in the investigation reported in ref- 
erence 1. It haa an HAOA 23012 section and the maximum 
upper— surf aoe ordinates are in one plane, wjth the result 
that the ohord plane has a dihedral of 1.45 , (Che ving 
tips are formed of quadrant a of approximately similar 
ellipses. She sweepbaok of the locus of quart er— chord 
points is 4.75°, the area is 4.1 square feet, and the as- 
pect ratio is 6.1. 

The fuselage is circular in cross section and was 
made to ordinates given in referenoe 1. Both tall sur- 
faces are of HAOA 0009 section and have areas which ar- 
bitrarily include a portion through the fuselage, as 
shown in figure 1. The horizontal— tail area is 97.8 square 
inches and the span is 20 inches, which gives a geometric 
aspect ratio of 4.1. The inoidence of the horizontal tail 
was 0° with respect to the fuselage center line for all 
oases. The vertical— tail area is 53.7 square inches and 
the span measured to the oenter line of the fuselage is 
10.87 inoheB, which givesa geometric aspect ratio of 2.2. 

The split flaps, of 20 percent ohord and 60 peroent 
span, were made of 1/16— inch steel. Tor the high— wing 
and the midwing combinations, the flaps were cut to allow 
for the fuselage and the gaps between the fuselage and 
the flaps were sealed. The flaps were attached at a 60° 
deflection. 



TESTS 



The test procedure was similar to that described in 
references 1, 2, and 3. TestB were made of the fuselage 
alone, of the fuselage with horizontal tail, of the fuse- 
lage with vertical tail, and of the fuselage with both 
tail surfaces. Similar tail variations were tested with 
wing— fuselage combinations representing high— wing, mid- 
wing, and low-wing monoplanes. All wing— fuselage combi- 
nations were tested with and without flaps. The combine— _ 
tions were tested at angles of attack from —10° to 20° 
with the model yawed —5°, 0°, and 5°. A yaw range of 
—15 to 50° was . investigated for most wing— fuselage combi- 
nations at an angle of attack 2° lesB than the angle of 
attack for maximum lift at 0° yaw. 
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A dynamic pressure of 16.37 pounds per square foot, 
which corresponds, to a velocity of about 80 miles per 
hour, was maintained in all tests, She Reynolds number 
"based on a mean wing chord of 9.84 inches was about 
609,000. Based on a turbulenoe factor of 1.6 for the 
LMATi 7- by 10-foot tunnel, the effective Reynolds number 
was about 975,000. 



RESULTS 



She data are given in standard nondimens ional coef- 
ficient form with respect to the center— of— gravity loca- 
tion shown in figure 1. The results are referred to a 
system of azes in which the X axis is the intersection of 
the plane of oyajaotr.y of tho model with a plane perpen- 
dicular to the plane of symmetry and parallel to the rela- 
tive wind direction, the T axis is perpendicular to the 
plane of symmetry, and the Z axis is in the plane of sym- 
metry and perpendicular to the Z axis. 

The coefficients for the fuselage alone and for the 
fuselage with tail surfaces are based on the wing dimen- 
sions. The coefficients are defined as follows: 

Oi lift coefficient (lift/qS) 

Od drag coefficient (D/qS) 

Cm pitching— moment coefficient (H/qcS) 

Oy lateral— force coefficient (T/qS) 

Cy^ slope of curve of lateral-force coefficient against 
yaw (dCy/d\|/) 

Oj rolling— moment coefficient (L/qbS) 

c t,i. slope of curve of rolling— moment coefficient against 
* yaw (oCj/d\|/) 

On yawing-moment coefficient (U/qbS) 



slope of curve of yawing-moment coefficient against 
yaw (dC n /d\lO 
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& 1 • ■ change in partial derivatives caused, "by wing- 
fuselage interference. (Designates increments 
° f Ol^ • On;),, or G-Yy) 

A a change in vert ical— tail effectiveness caused by 

ving— fuselage interference (Designates incre- 
ments of Cty, C n ^ t or Cy^) 

where 

L rolling moment 

D drag 

Y lateral force 

M pitching moment 

U yawing moment 

e dynamic pressure (l/2 PV 3 ) 

V tunnel— air velocity 
p air density 

S wing area 

Sf vert ical— tail area 

b wing span 

~c average wing chord 

and 

A e effective aspect ratio of vertical tail 

a anglo of attack corrected to free stream, degrees 

a 1 uncorrected angle of attack, degrees 

\|> angle of yaw, degrees 

S f angle of flap deflection, degrees 
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The subscript f refers to the vertical tail f except 
vixen used with 6. 

Lift, drag, and pit ching— moment coefficients for the 
various wing— fuselage arrangements are presented in fig- 
ure 2. The values of a, C35 , and C m shown in this 

figure wore corrected to free air, hut in all subsequent 
figures no corrections were made. 

The corrections were computed as follows: 
Aa = 57.3 6 V ~ 0 L (deg.) 

ACD = fiw § C L a 

L0 m - 57.3 ( --J==r 6 T - 5 J) f 0* 

where 

8 W jet— boundary correction for wing (0.117) 

6gj total Jet— boundary correction at tail (0.179) 

6 wing area (4.1 sq ft) 

G tunnel cross— sect ional area (59.59 Bq ft) ■ 



q 

— ratio of dynamic pressure at tail to free— stream 
3-0 dynamic pressure; assumed to be unity 

— »- change in pit oh ing— moment coefficient per degree 
dit change in stabilizer setting as determined in 

tests 



All corrections were additive. . 



The lateral— stability derivatives for component 
parts of the model appear in figure 3, which shows the 
end— plate effect of the horizontal tail on the vertical 
tail. 
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. . .An.oth.er method Illustrating the effect of the hori- 
zontal tail on the vertical tail is to treat the in— ' 
creased effectiveness of the vertical tail as an increase 
in effective aspect ratio, as was done in reference 5. 
Shis method can he used "by employing a relation between 
aspect ratio and slope of the lift curve. A formula for 
giving this relation that gives one of the "best agreements 
with eacper imental values is given in reference 8. 



a = a 



0 EA + 2 

When solved for the aspect ratio A, this equation gives 
an effective aspect ratio which will be termed A e 

A e ■ *\ (1) 
a Q — Ea 

where 

a 0 slope of lift curve for infinite aspect ratio 
(0.1 por degree is a representative experi- 
mental value for an BACA 0009 airfoil) 

a slope of lift curve for vortical tail (a = 

g 

— Ov. por degree, where the arbitrary 
Sf ^f 

selection of -S f is shown in fig. l) 

3 ratio of semiper imeter to span of an elliptic 

plate of aspeot ratio A 

The value of °Tv|/ f was obtained directly from the 

force measurements and also indirectly from the yawing— 
moment measurements by use of the equation 

b 

C Y* f 53 ~% f J~ f (3) 



where 
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Cy,i/ = 0 Y,i, (model with vertical tail) - Cy^ (model with— 
v * v out vertioal tail) w 

= G„ (model with vertical tail) - C n ^ (jaodel with— 
^f out vertical tail) v 

"b model wing span 

If model tail length arbitrarily chosen to he measured 
from model center of gravity to aerodynamic 
conter of vertical tail (fig. l) along X axis 

In these computations the dynamic pressure at the 
tail was assumed to he equal to free— stream dynamic pres- 
sure. The values of Aa ohtained hy the foregoing 
method are given in figure 4. The increase in effective 
aspect ratio of the vertical tail caused hy adding the 
horizontal tail is shown in figure 5 as a ratio of ef- 
fective aspect ratio with and without the horizontal tail. 
The theoretical value of the ratio, computed hy methods 
presented in reference 5, is also shown in figure 5 for 
comparison. 

Inasmuch us the results given in figure 5 are pre- 
sented as ratios, they are "believed to he valid for tiny 
reasonable methods for obtaining tail area, slope of the 
tail lift curve, tail length, and dynamic pressure at 
the tail. 

The increments of partial derivatives with respect 
to tne angle of yaw of rolling— moment , yawing— moment , and 
lateral— for ce coefficients a x due to wing— f us elagc in- 
terference and L a due to wing— f us elage interference on 
the vertical tail aro shown in figures 6 to 11. 

The increment is the difference between the 

slope (0, , G- , and C T ) for the wing-fuselage combina- 

tion with the horizontal tail and the sum of the slopes 
for the wing and for the fuselage with horizontal tail, 
each tested separately. Thus is the change in C , 

0_ , and C Y caused by wing— fuselage interference for 
the model without the vertical tail. 



The increment A £ is the difference between. the 
slope produced by the vertical tail with the wing and the 
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sLope produced "by. the vertical tail without the wing. 
The increment A a is, therefore, the change in effeo— • 

tiveness of the vertloal tail caused by the addition of 
the wing to the fuselage. The slope for the complete 
model may he obtained by a summation of the slopes for 
tho component parts and the increments caused by inter- 
ference. If, for example, tho value of Cn^ for the 

complete model 1b desired, the following equation may be 
used: 

B c n^j, (wing) + (fuaolage and both tail surfaces) 

Taluos of Oj^ and Cy^ for the complete model may be 
obtained in a similar manner. 

The values of Cj^, C n ^, and Cy^ used to compute 

A A and A a were obtained from tests at —5° and 5° yaw 

by assuming a straight— line variation between thoBe 
points. Thin assumption has been shown in reference 9 to 
be valid except sometimes at high angles of attack. 
Tailed symbols on the curves of figures 6 to 11 indicate 
values of slopes measured from curves of figures 1?! to 15. 
The arrows in figures 6 and 10 indicate the direction of 
divorgen.ee after the stall. 

The lateral— stability characteristics of the compo- 
nent parts of the model at high angles of yaw are given 
in figure 12, and the characteristics of the three wing- 
fuselage combinations with various tail arrangements at 
high angles of yaw are shown in figures 13 to 15. 



DISCUSSION 
General Comments 



The lift, the drag, and the pit ching— moment coeffi- 
cients of the several model combinations are shown in 
figure 2. As is to be expected, the high— wing combina- 
tions have more static stability in pitch than the low— wing 
combinations. Inasmuch as the teBts were made without 
wing fillets, the data for the low— wing combinations show 
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the effect of the "burble a* the wing- fuselage Juncture 
(reference 2). The: pit ching— moment— coefficient curve 
for the midving combination when 6f = 0° has a hump 

between —2° and 6° angle of attack. Comparison with 
figure 6 of reference 1 shows that the hump probably is 
a ving— fuselage eff eot and not the effect of the wing 
wake on the horizontal tail. 



Lateral Stability at Small Angles of Taw 

Component, parts .— The wing— alone data given in 

figure 3 were taken from figure 3 of reference 3, which 
gives also a brief discussion of the wing aerodynamic 
characteristics. 

The addition of the horizontal tail to fuselage alone 
has very little effect on lateral— stability characteris- 
tics, but the addition of this surface to the fuselage 
with vertical tail has a pronounced effect (fig. 3). She 
effectiveness of the vertical tail is increased by the 
end— plate effect of the horisontal tail. This increased 
effectiveness is shown in the C j , Cn^.and Cy^ curves 

: ' (fig. 3). The increase in effective aspect ratio of the 
.. vertical tail resulting from 'the presence of the horizon- 
tal tail, computed from equation (l), is shown in figure 4. 
Piguro 5 shows the ratio of effective aspect ratios with 
and without horizontal tail for comparison with theoreti- 
cal- value taken from reference 5. A considerable varia- 
tion of end— plate effect with angle cf attack is shown. 
Inasmuch as the results include the interference between 
the fuselage and the vertical tail ae well as the end— 
plato effect, it is not certain whether it is the end- 
plate effect or tho fus elage— tail interference that varieB 
with angle of attack. Although the proscnce of tho fuse- 
lage ropresents the practical case, few airplanes have a 
or osti— n ect ional area as large at che tail aa that repre- 
sented by this model; hence, for these results on exaggera- 
tion of fuselage-bail interference i3 to be erpocted, 
whatever ef/ect the interference may have. ir explication 
to design the angle of attack as given in figures 4 and 5 
should be considered tail angle of attack rather than 
angle- of attack of the airplane. 

Hew data were taken for all fuselage— tail results 
because- poor correlations resulted when an abteupb was 
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■ made to compare the fuselage— tail data of references 1, 
2',~ and " 3" with the additional data, taken, .for . this report . 
Hot only were comparable fuselage data taken under the 
.same conditions, out also an improved procedure for tests 
and an improved' method of measuring the yaw angle vere 
used. This fact accounts for the differences existing 
"between some' of the fuselage data in the present report 
and data in previous reports of this series. 

Vtaq-fttB olage interfere-, with frorisontal tfrtl la 
plaOfl.- .The values of Ai 0 ^ • ^j^no, i a^ 4 AiOy^ were 
changed only small amounts by the addition of the hori- 
zontal tail to the wing— fuselage combinations , as shown 
by a comparison of figures 6, 7, and 8 with figures 4, 5, 
and 6 of reference 3. In general, however, the interfer- 
ence was decreased. 

The wing— fuselage interference with horizontal tail 
in place contributes about 2° effective dihedral for the 
high wing, 3/4° for the midwing, and — 1-fc 0 for the low 
ving (in fig. 6, a Giy of 0.0002 being considered equiv- 
alent to an effective dihedral of 1°, reference 9), with 
flaps retracted. Vith flaps deflected 60° the effective 
dihedral is increased l/2° to 2°. 

The values of A.C n ^ ore, in general, negative; 

therefore the horizontal tail increased the weathercock 
stability (fig. 7). With flaps deflected 60° the values 
of AiOq^ are also negative and, for the low wing, the 

tendency toward weathercook stability is considerably 
increased. 

The values of ^Cy^ with flaps retracted are posi- 
tive for the wing in the high and low positions but nega- 
tive for the wing in the midposition (fig. 8). The wing 
acts as a modified end plate when in the high or low 
positions and thus increases the side force produoed by 
the fuselage. When flaps are deflected 60°, the value 
of A x Cy^ is nearly zero ezcept for the low— wing combi- 
nation, for which it is more positive than when flaps are 
retracted. 

Effect of win&-fuselage interference on vertical tall 
with horizontal tail In -place .— The increment A B 0j- is 
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rather small and erratic (fig. 9). The values stay within 
about 1° effective dihedral for the unstalled range of 
angle of attack. This result is in good agreement vith 
A a 0j^ without horizontal tail (reference 3). 

The increment & a c n^ is negative (increases weath- 
ercock stability) for the low wing, but becomes less nega- 
tive (less weathercock stability) as the wing is moved up 
to the middle position and becomes positive (decreases 
weathercock stability) for some of the high— wing conditions 
(fig. 10). This same trend for AgO^ is true for the 

horizontal— tail— of f condition, but it Bhould be noted that 
the difference between numerical values due to vertical 
location of the wing is only about one— half as- great when 
the horizontal tail is in place. 

Tho reduction of the difference in the interference 
between high— and low— wing models is again apparent in 
A a Cv^ when the horizontal tail is present (fig. 11). 

The early break in the low—wing curves of AjOj^ , 
AiC n ^, and AaOn^ for 8f = 0° at about 10° angle of 

attack is caused by a burble developing at the wing- 
fuselage juncture as explained in previous reports of this 
series . 



lateral Stability at large Angles of Taw 

Fuselage and tail combinations .— Although rather 
erratic, the curves (fig. 12) are consistent in that 

those combinations which have weathercock stability have 
more effective dihedral at low angles of attack; whereas 
those combinations which do not have weathercock stability 
have more effective dihedral at high angles of attack. 
Although the horizontal tail improves the effectiveness 
of the vertical tail at small angles of yaw, a more sudden 
break occurs in the curves at angles of yaw greater than 
10°; therefore, at large angles of yaw the vertical tail 
is less effective when the horizontal tail is present, as 
shown by the C n and Cy curves. 

Complete model .- The addition of the horizontal tail 
to the complete model has only small effects on Cj com- 
pared with the effect of a change in the vertioal position 
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of the wing or the addition of tho vortical tail (fig. 
13), The of feet ' of " those" mod ol changes' oh Oj has pre- 
viously "boon discussed in roforenoo 3. 

Tho curves for G n with the wing present (fig. 1-4) 
show again that the end— plate effect of horizontal tail 
on the vertical tall is detrimental to the restoring moment 
in yaw for angles of yaw greater than ahout 25°, The ad- 
dition of the winge to the fu- vlage gavo a substantial 
increase in the restoring aoic^.t in yaw at large angles of 
yaw and increased the weathercock Bt ability at small an- 
gles of ynw (figs. 12 and 14). 

A pronounced break In tho C n and Oy curves of the 
fuselage with the horizontal tail that occurred at a high 
angle of attack (fig.. 12) between 25° and 30° yaw vanishes 
when the wing is added.. The "break may have been caused oy 
the unstalling of the horizontal tail as its resultant 
angle of attack is reduced by yaw — that is, the angle of 
attack measured in a plane parallel to the plane of sym- 
metry of the unj'awed model. When the wing is present, the 
downwash probably prevents the tail from stalling for any 
portion of tho yaw range. 

Curves for C T (fig. 15) Bhow larger values at large 
angles of yaw when tho horizontal tail is absent; this 
fact ia in agreement with what has been shown by curves 
for 0 n with tho wing and curves ;: 0 r 0 n <-nd C T without 

the win,,-. 

COITCLUSIOirS 



Tho results of tests of a model consisting of a cir- 
cular fuselage, tail surfaces, and a wing in high, middle, 
and lO'.r positions indicate that* 

1. The offootive aspect ratio of the vertical tail as 
determined from lateral force on the vertical tail was in- 
creased from 20 to 60 percent by the addition of the hori- 
zontal tail, depending on the angle of attack. 

2. Tor angleB of yaw greater than about 15° , the pres- 
ence of the horizontal tail d ecr eased the restoring moment 
in yaw contributed by the vertical tail. 

3. The vert ical— tail effectiveness increased as the 
wing was moved from the high to tho low position; the low- 
wing combination therofore had the most weathercock stahil- 
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ity. The addition of the horizontal tail reduced the 
change in vertical— tail ef f ectiveness vith wing position 
about 50 porcent, with the result that the high— and low- 
wing models possessed more nearly the same weathercock 
stability. 



Langley ilomorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langloy Field, Ya. 
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figure 1 . -Drawing of N AC A Z.30IZ u»ing in combination LUith 
circular fuselage and horizontal and vertical tail of 
NACA 0009 section. 
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Figure 2.- Lift, drag and pit chin g-mome'nt 

coefficients of complete model. 
NA CA Z30I2 wing with circular fuselage and 
horizontal and vertical tails. 

Angle of attack, <x,deg 
J 4- 1 e I a | is. 



NACA 



c 2f 



_ Fuselage 
o Fuselage alone 
B Fuselage a/fth vertical tail 
A Fuselage with horizontal tail 



* Fuselage uui'th both tail surfaces 



Wing 
+ 8 f -Cf 
x 6f = £0° 
High 

Middle 

Lotu 



-D0\ 



.001 



Cria, 



-,ooi 




.0O6 



.004- 



-.004- 



-4 0 4- & \SL 

Angle of attack, oc y de£ 

Figure J. - Variation of C ? t C n . and C Y with anafe of attack. 

l y Y p J 

wing a/one^ fuselage, and fuse/aqe witA tail 
surfaces . (Vara ^or winy from reference 37) 



20 



NACA 



Figs. 4,5 



4.0 



3.0 



2.0 



1.0 













| | | I I I 1 
From From Hnri^nnt-nl "H-nl 




















E) Q 


Off 












» - 










* 








On 












< 
























< 


f - 






i] 1 


5 — i 


li J 












H 


4 

b 






i ■ 


[ J 


, 1 


t 


I c 






'— i 


J 1 


p — 
> 


\ _J 




i — t 


c 

1- ■- 








3 [ 


] 1 


1 — 
















< 



















































































































-8 -4 0 4 0 12 

Angle of aTTacK of- fuselage and 
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Figure k.- Effective aspect ratio of vertical tall on 
circular fuselage. (Geometric aspect ratio, 2.2.) 
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Angle of aTTacK of fuselage and 
horixontal tail , oc', dec| 

Figure 5.- Ratio of effective aspect ratio of vertical tail on the cir- 
cular fuselage with horizontal tall to that without horizontal tail. 
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Figure 10.- Effect of wing-fuselage interference on C n ^ due to vertical 

jf 1 !" ?i2\ 23 ? 12 wins with fuse l a ge and horizontal and vertical tails. 
(Lata with horizontal tail off from reference J.) 



_o 



.004-f 




+ — h- 

-oo4— (a) 5^=0°. 



.004 



Winq location Horizontal 

High Middle Low tail J 

o b > On ' 

+ " * Off 



h f H=' ~ 

-ooJ-(b) 5 f = 60°. 




4 o JL e IE 

Angle of attack, oc' dec} 



Figure 11.- Effect of wing-fuselage interference on Cy^ due to vertical 

tail. IIACA 2J012 wing with fuselage and horizontal and vertical tails. 
(Data with horizontal tail off from reference 3.) 
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Figure 12 — Variation of C/, C ni and Cy with angle of yaw. Fuse/age 
or?cf fuse/age wif/) fa/7 surfaces. 
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Figure 13.- Variation of rolling-moment coefficient with yaw, 

NACA 23012 wing with fuselage and horizontal ana vertical tails. 
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(b) 6 f = 60° 
figure 13.- Concluded 



0 B 16 Z4 

Angle of ya<-u, % decj 



NACA 



Fig. 14 




-16 -S 0 8 lb 24 3 2. 40 4& 

Angle of yauv, ^ ) d a$ 

(a) 6 f = 0°. 

Figure Q.i+. — Variation of yawing-moment coefficient with yaw. 

NACA 2J012 wing with fuselage and horizontal and vertical tails . 
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Figure ll)..- Concluded. 
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Figure 15.- variation of lateral-force coefficient with yaw. 

NACA 23012 wing with fuselage and horizontal and vertical tails , 
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Figure 15.- Concluded. 
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